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FLIGET TESTS OF A HELICOPTER TN AUTCROTATICN,

INCLUDING A COMPARISON WITH THEORY

By Alfrsd Gessow and Garry C. Myers, Jre
SUMMARY

The results of glide performance tests conducted on a test
helicopter with its originel production blades in the auntorotation
condition are presented. The data were roduced to coefficient
form, and performance at stenderd sea-level condltions was calculated.
The experimentally determined rotor drag-1ift ratios were compared
with thecreticel calculations, and a similar comparison was mads for
previously obtained power-on flight data. In addition, the improve-
ment in power-cff (autorotation) performence that results from
opersting with serodynaenmicelly cleamsr blades was invesiigated.

The helicopter was found to have a minlmm rate of descent at
gsea level of 1080 Teet per minute at an airspeed of approximately
40 miles per hour. The maximum lift-drasg ratio of the helicopter
was 3.9, and the Lighest 1lift~dreg ratlo obtained for the main
rotor wes 6.7. Gool agreement between theory end experiment was
obtained when theoretlical calculations wore hes3d on a profils-drag
polar that corresponded to rough airfoll secticns. Inssmuch as
similer agreement was obtained between theoretical and experimental
date in powsr-on level flight, the thecry is considered useful in
extendling the avellable rotor date from cne condition to the cther.
It was found that the use of aerodynsmically clesnsr blades resulted
in significert gains In gliding performsnce. For the hellcopter
tosted 1t appsared that a 22-percent reduction in profile-drag

coefficlent would result in a %—percent reduction in the minimum rete

of descent.
INTRODUCTION

Flight tests are being conducted by the Fligat Research Division
of the Langley Laboratory on & conventional single~rotor helicopter
ag part of a general program of helicopter research. These tests

r.nrﬂr._ml I
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include porformnnce measurements in level flight, hovering, glides,
and climbs, end camera observations of blade motion in selected
conditions. This paper presents the results of power-off
(autorotation) perrorvmnence measuvrements that were msde with the
original productlon set of maln-rotor blades.

In the event of power failure the helicopter rotor becomes,
in effect, an sutogliro rotor. Safety end design considerations
make this aubtorotetive condlition important to the helicopter
designer. Date obtained with the test hellcopter iIn sutorotation
were teken in order to provide information which could be used
in improving the esutorotative cheracieristics of hellcopters. The
tests also provided am opporiunilty to compare the seme rotor in
the power-on end autorotative conditlionm, without the Introduction
of uncertainties due to differsnces in blade parameters which are
present when two different rotors are tested and compared in the
two condltions. The glide data thus permitted a check of ths '
theoreticelly prodicted rotorr drag-1il+t ratios in both power-cn
end power-off flight. Once the relaticashlip between the two
conditicns is established, the available Information on the autogliro
and thse Lelicorter becamss Interrelated.

SYMBOLS
W gross welght of helicopter, pounds
Ve calibreted airspeed (indicated airspoed ccrrsdted for

instrument-and installation errors; cen be considered

equal to 'VV/—ypo in the present case), miles per hour

v tirue airspeed, mlles per hour
Vh horizontal component of true alrspeed, mllss per hour
Yy rate of demcent; verticel component of true airspeed
feet per minute
R rotor~blade radius, feet
Q rotor angular velocity, radiens per second
o) mass denslty of air, slugs per cubic footb
o mass deneity of ailr at ses level under stendard conditions

0 (0.0602378 slug per cubic foot)
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1 tip~-speed ratio (Y;QQ§-29
o QR .
. rotor angle of attaeck; angle between proJjection in plane

of symmetry of axls about which there is no cyclic
piich chenge and a line perpendicular to flight
path, positive when axis is pointing rfarward, degrees

op fuselage angle of attack; angle between relative wind and
a line in plane of symmetry and perpendicular to
mnain-rotor-shaft axis, positive when nose ia up,

dezrees
Aaf correction to fuselage angle of attack to ellow for
rotor downwash, degrees (assumsd equal to =57.30r/U4)
dfc correctod fuselage angle of atiack, degrees (df + Adf)
+
Cr.n fuselage 1lift coeificlent Fusilage ;i*t
< §pV2ﬂB
Cp. fuselage drag coefficlent Fusilage dreg
T é'pvz J'CRE
Y glide-path angle; that 1s, angle of which tangent 1s rate _ _
of descent divided by horlzomtal camponent of velocity,
degrees
W cos 7
CLun meorrected rotor 1ift coefiiclent | 77 7 o
cor . épvenﬂc
G, rotar 1ift coefficilent (CLuncor - CLf)
L rotor 1ift, powmds (W cos y - fuselage 1lift)
T rotor thrust, poumds L
cos o
T
C thrust coefficlent -—-—————:ﬁ
T (nREp(QR)"“,
(%) over-all dragz-1ift ratio of helicopter (tan v)
(%- paraslte drag of fuselage, rotor head, and blade shanks

P divided by main-rotor 1lif+t
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shaft power pavemeter {The symbol P 1s equal to the rotor-
shaft power divided by the velocity elong the flight path;
in eutorotation, P/L 1s negative and represents the
power supplied by the rotor to overcome the gearing emd
besring frictional losses end to drive the teil rotox)

Dl i)

(%) induced drag-lift ratio (teken herein as Cr/U)
1
D

(f rotor profile drag-lift ratilo
o

D drag~1ift ratio of main rotor; that is, ratio of
v equivalent drag of meln rotor to rotor 1ift

(3. ®,)

be
o solidity (-—-—5—) (for the present case, o = 0.060)
i
R
[ credr
Cq equivalent chord Yo N B -
R
f redr
'.\ 0
c locel choxd
r radius to blade element
a glope of curve of l1lift coeffilclent against section angle of

attack (radian measure ) assumed equal to 5.73)

cdo blade section profile-drag coefficlent
blade section angle of attack, measured from zero 1ift, radians

average malrn rotor-blade pitch, uncorrected for play
in linkage or for mean blade twlst, dsgrees

APPARATUS AND TEST PROCEDURE

The tests were conducted with a Sikorsky ANS-1 (YR~4B) helicopter,
the dlmenslions and pertinent chavacteristics of which are shown in
figure 1. Other particulars, including a detailed description of the
febric-covered originel main-rotor blades, ere given in references 1

and 2.
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Quantities measured auring the power—off glide tests included
the following:

Airspeed Free—alr static pressure

Rotor speed : Main-rotor pltch

Main-rotor--shaft torque Taill-rotor pitch

Tail—rotor—shaft torque Attitude angle (shaft inclination)
Trec—-air temperature Cyclic—-plich control position

The methods by whioch these quantit*es were obtained are discussed
in reference 1.

In gliding flight the guentities which most critically affect
the accurscy of the results are sirspeed and rate of descent,
end they are therefore considercd worthy of special discussion.

Alrspeed was determined by means of a freely swiveling pitot—
static installation mounted on the end of a long boom in frong
of the Tuselege, the airspeed head being about two feet in front
of the main rotor disk (Tig. 2). The installation was calibrated
by mesns of & trailing pitot-gtatic "bomb" suspended approximetely
100 feet below the rotor. The calibration data obtalned are shown
in figure 3.

Atmospheric pressure measurements that were necessary for
calculation of rates of descent were continuously recorded through—
out each run.

Flight procedure conslsted In meking g£lides from about
5,000 feet to 3,000 feet pressure altitude, the airspeed and pitch
sotting being held constant. Variations in thrust cosfflcient were
achleved by cperating at different pltch settlings and therefore at
different rotational speeds.

REDUCTION OF DATA

Rotor drag--1ift ratios (ﬁ/L)r wers calculated from the general
perforuance equation expressed in coefficlent form as

D+ @),-C)
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For each test point, values of (D/L)g, P/L, end (D/L), were
determined frox messurements teken. Values of (D/L)g, which

represent the tangent of the angle of glide, were calculated from
the airspeed and rate of descent. These rates of descent were
calculated by meens of plots of static presswre against time
together with & mean free-air temperature value for the dsscent.
With the rotor in autorotation, P/L 1s a small negative quantity
that represents the power supplied by the rotor to overcome the
gearing and bearing frictionel losses and to drlve the tell rotor.
This quentlty P/L wes determined frcm recorded shaft torgque end
rotor rotational speed. Valussof (/L)p were calculated with

the ald of full-scale wind-tummel tests cm the fuselege and hub
of the test helicorpter (Pig. h) The main-rotor drag-lift ratio
was then calculated as ' : -

(2 -®), @),

The method of veducing the date to coefficlent form perallels
that of reference 1. Certain of the assumptions used in the level~
flight analysis were mcdified, however, to comply with gliding~
flight conditions end are as follows'

(1) Rotor 1ift 1s calculated by multiplyling the helicopter
gross welght by the cosine of the glide angle snd subtracting the
fuselage 1ift. Rotor thrust, which was considersd equel to rotor
1ift in level flight, was assumed equal to rotor 1ift divided by
the cosine of the rotor angle of attack o, the value of a
being determined as in reference 1.

(2) The dvag force cm the tell rotor was found (by the method
used in reference 1) to amount to less than 1 percent of the Puselage
drag In the autorotation condition and was consequently neglected.

RESULTS AND DISCUSSION

The test data are pressnted in table I, Drag-lift ratios and
other parameters derived from the data are given in table II.

Helicopter glide performance.- In order to obtaln the variation
of helicopter rate of dsscent with alrspsed, unaffected by varlations
of welght snd demsity, the experimental date were first plotted in

the coefficient form shown In figure 5. The abscissa, l/;/CL
is & velocity parsmeter which ig directly proportionsl to the true
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veloclty end which effectively resolves variatioms of weight and
density into equivslent veloclty changes. The data ave grouped.
according to thrust coefficiente but, because of the limited data
available end the scatier In the date which covered any trend with O,
a single curve wes drawn to represent =n average thrust cosfficlent

of 0.0052 (averags welght 2520 1b, '_g__ = 0.92), The date indicate

. 0
a minimun value of (D/L)g of 0.26 in the remge of 1/|/Cr,

betwesn 2.0 to 2.2 corresponding to a maximm velus of lift-drag
ratio of 3.9 «t approximstely 65 miles per hour.

The nondimensional dsta of Pigure 5 can be expressed in terms
of rate of dsscent and velocity for sny desired carbination of
wolght end air demsity. In figure 6, the faiced experimental curve
of figure 5 has heen reduced to stendard condltions, that is, normal
gross welght of £520 pounds ond ses~level density.

At sea~level conditlons and normal weight, figure 6 shows that
the test helicopter bas e minimum rate of descent of 1080 feet per minute
at ebout 40 miles per hour. This spesd corx-esponds to the speed ranges
between 40 and 45 milss per hour for minimum power in level flight.
(See Pig- 8 of reference 1.) The mm".;num angle of glide cen bo found
from fiFare 6 to be approrimately 1k° end to occur at & rate of descent
of 1k00 feet per minubte &nd at sn airspeed of approximately 6% miles
per hour

"In obtaining the present flight deta,emphasls was placed upon the
determination of the glide characteristics over the higher speed renge,
that is, minimm rate of descent and minimwm angle of glide. A feow
measurenentd wvere also made in vertical descent. As a wroesult of the
difficulty in holding zero horizontel spesd, however, the maxirmm rate
of descent obtained, 2140 feet per minute when reduced to ses-level
conditicns, may have been as much as 10 percemt too low because of
the presence of some horizontal velocity during the messurements.

The effect of small horlzcntal velocitles on the rate of descent in
autorotation can be estimated from figure T, which presents glide

data obtained with the PCA-2 autogiro (reference 3). The figure
indicates that horizontal airspseds betwsen 5 and 10 miles per hour

cen effect & reduction in the rate of descent of the order of 10 percent.

Rotor drag-lift retlos.~ In order to study the efflciency of
the rotor itself, the D7f— equivalent' of the fuselage and residual
shaft power losses have been subtracted from the over-all drag-lif'b
ratlio (D/L)p, as described in the section "Reduction of Data."

The resulting rotor drag-1ift ratios are plotted in figure 8 aga:mst |
the velocity paremeter 1/|/Cy,. The lowest-average value of meesured
main-rotor D;L shown in the figure is about 0.15, corresponding
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toan L/D of 6.7. Inasmuch es the trend of the data does not
appear to indicate that a minimum has been reached, higher L/D's
might be expected et higher speeds.

Comparison of rotor drag~1ift ratio with theory.~ Theoretically
predicted values of (D/L), are compared with flight data in fig-
ure 8. Tnaemuch as the experimental date showed no trend for the
variation of (D/L), with Cp (because of the esmell renge of Cp's
covered in the tests, the limited data taken, and the scatter among
them), theoretical (D/L)r curves representing an average Cq
of 0.0052 werse drawn.

The theoretical curves were calculated from the performance
charts of reference 4, which were extended to include tip—speed ratios
equal to 0,10, Thnese charts are based on.a blade-section profile—
drag polar represented by the equation ;

cq, = 0.0087 — 0.0216 ag + 0.%00 @

This veriastion of drag coefficient-with section angle of attack

18 representative of comwentionsl, semlsmooth airfoils (smooth
airfoils increased by a roughness factor of 17 percent). Theoxry
based on such & drag polar msy properiy be called "semismooth
blade" theory end the curve is labeled as such in figure 8,

In crder, however, to take into account the imperfect profile and
deformable surfaces of the fabric—covered blades tested (see
reference 2), the theory was also calculated by inereasing the
rotor profile drag-1ift ratios obtained from the performance charis
by 28 percent, thus allowing a totel roughness factor of 50 percent.
The "rough-blade" theoretical curve in figure 8 wes calculated in
this manner. -

Good agresment between the average experimental rotor drag-
1ift ratios end the rough~blade theoretical values 1s indicated
by figure 8. The differemce between the two theoreticel curves in
the figure shows that the 1lift and drag characteristics of the
rotor-blade sections must bs known in ordsr to predict the rotor
performance with sufficient accuracy. -

It is Interesting to determine whether the same theory that
was used for the autorotational condition could be used to predict
the performance of rotors in the power—on condition. ZLevel-rlight
data, obtained with the same set of blades used in the autorotation
tests, afford en excellient opportunity to check the theory in the
two flight comditions. From this data, the influence of secondary
effects due to differences in blade comstruction and solidity which,
for example, might be present if two different rotors were tested,
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is elimineted. Experlmental drag-lift vatios, obtalned at en everage
Cp = 0.,0054 aund teaken from refercnce 1, are compared with results

obtained by the rough-blade theory in figure 9. The Pfigure indicates
good agreement betwsen theory and experiment for level flight, as was
true in the autorotative case shown in figure 8.

In addition ‘to presenting a comperison between theory snd
experiment, figures 8 and 9 show that the theoretical calculations
prodict rotor periormence in the two ¢ondltions with sufficient
eccuracy to rake the theory useful in extending the scope of heli-
copter and autoglro rotor data to eithex operating state.

“Rerformenge maiag to be expectsd with smoother blades .- Rotor
drag=1ift ratios oovtained fromfull-scale~tynnel tests cn a rotor
with welatively smcoith plywood-~covered blafes ers compared in
figurs 10 with values calculated for semismooth bledes. The agree=
nent shown suggests thet 1f smooth, rigid-surfaced blades were msed
on the test helicopter, the resuliing poi-formance would be in
8imiler agreement with the curve based on use of semismcoth blade
theory shown in figvire 8. The improvement in the glide performance
of the beliccpter equipped with rotor timdes serodynamicelly cleaner
then th2 original blades is shown in figare 1l. The cwrve in
figues 11 labeled "or;tginal blades" coriegponds to the measursd
porformziace end was takeu from Pigurs 6, wherees the curve edjusted
for somisumeoth blades was calculated by reducing the measured rate
of descent by an amcunt equivelent to the difference (shown in
£ig. 8]} botween the theoretical values of (D/L)p for the rough
end the semismooth blades. Thus, the minimum rete of dsecent would
be reduced frcm 1080 to 1010 feet per minute and the minimum glide
angle would be reducad by 9 parcent if cleansyr blades wore us6G..

in order to evelnate properly the improvement in glide performance
effected by a reduction in rotor prefile dreg, the contribution of
the parasite snd induced drag losses ars also skown in figure 11. It
cen be sesr that a helicopter with a 1light disk iocading end a cleasner
fuselage would benefit more, cn a perzentege basis y from an increase
in blade cleernsze then the helicopter under test. IFor example,
the 22-percent reduction in the rotor profile dreg dus to chenging
to semismootli bledes would reeult in a reduction of 70 feet per

minute or 6%- Percent in the minimuvm rete of descent of the helicopter

tested. I the rates of descent due to the parasite snd induced drag
were removed, hovever, the minimum rate of descent would becoms

500 feet per minute. In this case the 70 feet per minute would
represent 1 porcent of the minimum wate of descent. A 22~percent
reduction in robtor profile drag may thus decrease the minirmm rate of
descent ss much as 14 parcent, depending on the amount of induced
end parasite lossss present.
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CONCLUSIONS

From the data obtained with a conventional single-rotor hell-
copter as tested In autorotation and the accompanying theoretical
enalysis, the following conclusions are indlcated:

1, For operation &% sea level, a minimum rate of descent of
1080 feet per minute was obtained et an airspeed of ebout 40 milos
per hour. . —

2. The maximum lift-drag retio of the helicopter as tested
was 3.9. The highest lift-drag ratio obtained for the main rotor
over the avsllable speed rangé was 6.7.

3. Good agreement hetween thecretical and experimental auto-
rotation performance wes obtained when theoretical calculations were
besed on a profile-~drag polar corresponding to "rough' airfoil
gections. ' B

4. The same theory can satisfactorily predict the performance
of a rotci in both the power-off and peowcer-on flight conditions.

5. Since theory can satisfactorily predict rotor performance In
both theo autorotation and powsr-on conditions, 1t is consldered
useful in extending the available rotor date from one condition to
the otlisr. '

6. Significant improvement in gliding performance appears
pogsible with improved blade contour and surface condition. For
the helicopter tested, a reduction of 22 percent in profile-drag
coefficlent (cbtained by operating with "semlamooth" instead of
"rough” blad_es) would result in a 6%-361‘06’111‘: reduction in the minimum
rate of doscent. : -

Langley Memorial Aeronauntical Iaboratory
National Advisory Commitise for Aeronantics —
Langley Field, Va., February 17, 1947
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TABLE L
SUMMARY OF FLIGHT DATA IN AUTOROTATION

Tost gtf;i Denalty .5‘:3 Grooe |Rotor|Rets of| Atmos- [Froo-sirHain |Pail |PLltch anpls) 53.1:1:- urc;:av:u Stick Stlok | Yaw
run |airgpoed | ratio,| speed, |weight,| apoed| descent| pheric |temper~ | votor|rotor] ( 1tion | posldticn,| position,|position,
A J p/pg v W (rm)! v, reosure| ature | power| power (nose | abead of | forward | laft | (deg)
(pB) (ar.) (mpht) | (b) (£m) fi(n ¥g)| (°F) §(up) |(hp) |rotor|xotor] down) | shaft (1a.) (1n.)
- ar.) {dsg) | (in.) (a) {a)

b3 LT 05k | M7 | o5k6 | 230 | 1080 | 28.78 ] 1.k |j3.7) 25 |0.8] ga 0.4 23 1k 9.3

g LU Shk | o7 [ 2578 | ek | 1176 | 28.98 (K 3.2 ] 363032 ] 31 1.2 mmemmnee |15 6.9

3 LI Ghy § B9 | 2369 | enB | 1250 | 2899 K] Akl 353238 3.3 1.3 mmreme— | L6 10.6

5 5.0 G4l (%26 |61 e (1230 | 851 | T kb | 3k| 280D} 3.k 1 wareenne | L 2.4

3 ko 969 | k77 | oh98 | 21h | 1033 | 27438 | 30 =2 |37 31[1h| 1.9 2.0 1.8 14 0.9

6 | 42k 93 [ 439 | =33 | 2m3 | 1080 | =B.27 &7 A4 l30]35]-13]1 09 0.8 2.5 1.3 0.7

T 534, 929 | vl | 22 1ek0 | 88.33 0 =30 | b § 3.7 “Lb ] 24 08 3.2 1.5 0,7

8 Gh ol 938 | 66.2 | =15 | 205 | asko | 28.7% e 60|31 |35 ]|-19} 4a 1.0 35 1.5 1.5

9 536 o | 558 |03 | 208 { 1190 | 28.30 T2 16| 29| sk fas] 3a 1.l 33 1.6 0
10 553 Q27 | 5T {91 | 32 | 12y | 28,38 TA Sd}hko| 29|Ag] 3.0 13 24 10 -0.2
N | 667 | 933 |69.0 | kB | 226|260 |8k | L[S0 |ba|3s5]29| b8 1k 3 1.2 06
12 %4 439 | 564 | 29 | 197 | 1306 | RB.TT T2 43| 29| ka8]-1.7| 3a 1k '3.3 14 0.3
13 36.2 07 [ k3 | 278 | 28 | 1m0 | eakbe 38 5325 ko]|-28] 20 1k 2.0 1.5 =3.7
14 W | B7. | Ba |28 | @0 | 118y | 5.8 45 s2| 2o ]|kafjrs]| 20 14 2.0 1.3 ~1.b
15 k3.6 S8 | hb.8 | 2478 | 225 | 1170 | e8.00 52 6| 9| e9|18| 243 14 1.9 L0 245
16 630 83 | 698 | 2e3 | 220 { 1920 | 2720 T |- e | 386|291 43 0S5 3.8 1.9 ~3
17 | 649 | w92 [ 687 |05 | e0 |10 fofdo | T3 |- | 37|30 | ks 0.7 35 17  |-3.4
18 69.0 523 -p_ B osr | 222 | 2620 | 8.9 8 |- mmer pomes bmeem | 5y 1.2 L% 1.9 1.8
i 647 506 | 68,0 | o971 | 225 | b0 | 28.80 80 s D pome f—w | kg 1.2 36 1.8 b
0 | 1T 913 | TIL |29 | ee6 | 15% | o8 | B0 bsq|--— | B3 || 6.2 1.3 38 1.9 2.9

"Cyelic piuch variation, in degrees fyom mean value 1w L.25 X stick position.
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TAELE

I

ROTOE IRAG-LIFT RATIOE AND RELATED PARAMETERE

IERIVED FROM AUTCROTATION FLIGBT DATA

e PR PP U CY [ Y PR PR R SN P Y 9 (R R BT R e 3 (GO M TGS (DR
1 | k1) k75| 1080 25 {1 {oaso| o.a99 | =] 7.2 |0 .00 j0.398]6 .63 o 0okT o .0273 |0 0050268 [0.005 o208 15.0
2 pskx| 5.7 176 3.0 | 8 | aB2] .29 | -h.2| 6.6 | 001 | 29h1k.90| 00%0| O290] - b8 | 060 | 176 |13
3 J48.1] o5 1260 3d (1 164 366 | =5.2| 8.3 | ~001] .365|6.08( 0052{ 0302 -.013] 302 | Lk9 ] .thO {16.8
k [mo] n26] 190 2.8 {10 ATO 327 | 7| 78 | ~02| 35542 o0k9] 0205] -.003] L2880 | o5k | L208 [15.7
5 pe7o| b7.T| 203 31 {10 162 379 | 5A] 7.0 | -000] 378]6.30] L0521 Laoe] -.013 9.55 ©hT | 55 Jik.3
6 {heh]| 3o | 1080 35 |12 k2 468 | -6.7| 8.6 | -.002]| ASS|T.T7]| 0050) L0290 ~.005| «251 | 039 | .37 J15.2
T 53] 553 120 3| 9 179 299 %3] 8.1 { -.000| .298[k.97| OCA9] 0P| -.013] 268 | 061 | ag90 [1k.B
8 [esal66.2] wwo | 38| 7 | .es| .oou | 29| 8.3 | -u02| .202|3.37| ooks| o] -.oma| om | wso | am lis5a
9 |535] ».8) 1190 bk | T 196 291 | B8] 6.7 | ~00L| .290)k.B3) 005T| .0331] ~.010] .29 | 062 | AT {10
0 [553 574|275 | 2,91 9 | ag) .272 | =3.9| 7.7 [ =00 «27ifh.32| QO] L0e6T| -.013| -2 | 06T [ 28 {16
1 {66.7| 63.0| 1500 350 7 223 286 | ~2.6] 7.8 ~.001| 185}3.08] 0088 .0279 -m 274 | 098 | 165 |15.3
12 |54.6] 96.4 | 1306 b8} B 208 276 | ~%e0| B | ~001] 2P|hsB| O0G2| 0360] -009| W27k | 066 | 99 |15
13 (36.2| ¥3.1{ 1200 ho [26 ¢ ako| S50 | -THP0O | -003| Sh7|902| 0060| OFk9| -.006) 362 | .033 | -313 |199
1k |ho.2| k31| 228 ho [1k | ak8]| 02| -7.2| 9.0 -.002] 500)8.3%| 0OB9| .O3k3[ -~O1k] 329 -636 279 |18.2
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Figure 1,- Dimensions and cherscteristics of teast helicopter,
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NACA TN No. 1267 ) Fig. 2

(b) Close-up view of airspeed hesad.

Figure 2.- Airspeed boom and details of pitot-static and
.flow-angle pressure-tube installations.
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Fig. 4 NACA TN No. 1267
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Figure 4.- Fuselage drag and 1ift coefficients (based on
rotor-disk area) obtalned in Langley full-scale tunnel
and used in reduction of data for test hellcopter,
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Fizure 5.~ Drag-lift ratio (E)g egainst velocity parameter —é— for test
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Figs, 6,7 NACA TN No. 1287
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Figure 6,- Autorotative performance of test helicopter
reduced to standard sea-level c¢onditlons, derived fron
faired curve of figure 4, Gross welght, 2520 pounds.
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rates of descent (from reference 3).
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Figure 8.~ Comperison of experimental and theoretlcal mailn-rotor drag-lift ratios Tor teat
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Figure 10,~ Comparlison of experimental and theoretlcal drag~llft ratioe for a plywood-
covered rotor in autorotation,
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